The two major island-arcs in the Caribbean Sea-the Greater and hsser Antilles-have a Iong and complex history. A similar complexity attends the biogeographical history of the land vertebrates of these islands, concerning which there has been abundant argument but little resolution (e.g., Hedges, L996; Page & Lydeard, 1.996; crother & Guyer, L996; Ituiralde-vinent & Macphee, 1999) . The objective of this short review is (1) to examine some recent explorations of the problem of Antillean faunal formation, with special reference to new developments in the study of Antillean paleogeography; and (2) to chronicle the evidence for species diversification and depletion (i.e., radiation and extinction) in the West Indies, with special reference to the faunal catastrophes visited on these islands during the Quaternary period.
. paleogeography of Caribbean region as reconstructed for latest Eocene/Early Oligocene Ma) transition, depicting GAARlandia--the landspan that briefly developed between the northern Greater Antilles and the northwestern part of South Arnerica (after Itunalde-Vinent & MacPhee, 1999) . This reconstruction is designed to depict conditions obtaining during the period of maximum Cenozoic land exposure, occasioned by very low eustatic sea-level and widespread regional uplift (Pyrenean orogenesis). Although there is solid evidence that subaerial conditions existed along at least part of the spine of the Aves Ridge during this period, shorelines and contact points are conjectural. terminus a quo for terrestrial vertebrate colonization of the Greater Antilles.
However, according to one interpretation of relevant immunological evidence (Hedges et al., 1992; Hedges,1996) , some endemic Antillean herp lineages may be older than Middle Eocene, and are perhaps even of Mesozoic age. A tenure of this length is hard to square with a regional history of repeated transgressions (let alone the trVT bolide impact and its associated mega-tsunamis; but on this point see Crother & Guyer t19961 ). However, looking at the broader picture, the immunological evidence is largely in agreement with the point that the progenitors of most lineages of Antillean terrestrial vertebrates must have first entered the islands no earlier than the early Cenozoic. By contrast, there is extensive geological evidence to show that, during the Eocene-Oligocene transition, the developing northern Greater Antilles and northwestern South America were briefly connected by a "landspan" (i.e., a subaerial connection between a continent and one or more off-shelf islands), involving the large islands and the then-emergent Aves Ridge. This structure (Greater Antilles + Aves Ridge), dubbed "GAARlandia" by MacPhee & Ituralde-Vinent (1995b) , is depicted in Fig. 1 . The massive uplift event that apparently permitted these connections was spent by 32Ma; a general subsidence followed, ending the GAARlandia landspan phase. Thereafter, Caribbean neotectonism resulted in the subdivision of existing land areas, sundering populations as well as islands.
PALEOGEOGRAPHY OF THE GREATER ANTILLES

EXPI,AINING ANTILLEAN BIOGEOGRAPHICAL HISTORY Dispersal vs. Vicariance
For the past quarter-century, virtually all discussions of the historical biogeography of the Greater Antilles have been framed in terms of which of two opposing modes of faunal formation on islands-dispersal or vicariance--has dominantly shaped the Antillean vertebrate fauna. Recently, Hedges and co-workers (e.g., Hedges, 1996; Hedges et al., 1992 Hedges et al., , 1994 have championed over-water dispersal as the main and perhaps the only vehicle of vertebrate faunal fofmation in the Caribbean, with vicariance playing little or no role at any time. Their evidence-largely immunological distance measurements run against a molecular clock--has been critically evaluated by Page & Lydeard (1996) . Crother & Guyer (1996) and Iturralde-Vinent & MacPhee (1999) have considered their arguments from the point of view of cladistic biogeography and paleogeography.
All parties agree that, within the Greater Antilles themselves, Jamaica requires separate analysis because this island originated in the early Cenozoic as a detached portion of the Central American foreland (see below). However, the other big islands did not have such an origin, requiring that they gained their faunas via some other mechanism. Hedges (1996) argued that the only plausible means is classic waif dispersal, involving passive transport of propagules via surface currents (and, at least occasionally, large storms). In his view, rafting waifs swept out of large South American rivers have always been preferentially carried northwestward into the Caribbean Sea (and thus to the islands), because this is the predominant direction of mass flow in the northern hemisphere forced by the Coriolus effect' However, this does not take into account relevant experimental evidence on surfacecurrent flow patterns in the Caribbean, and fails to incorporate the effects of changing Cenozoic geography on surface currents.
Modern buoy and drift-bottle experiments (Brucks, 1971; Molinari et al., 1979) indicate that the ultimate distribution of current-driven flotsam in the Caribbean Sea is highly unpredictable. ln particular, flotsam emitted from the Orinoco and Amazon Rivers in their present configuration is statistically much more likely to end up in southeastern North America or Central America than in the Greater Antilles. Furthermore, any historical generalizations based on the modern distribution of lands and currents in the Caribbean Sea have to take into account past geography. Prior to the formation of the Panamanian landbridge in the Pliocene, surface-current flow patterns in the Caribbean area would have been dominated by the east-west Circumtropical Current. In consequence, river outflow would have always favored delivery of South American waifs to the Central American coast, not to the Greater or Irsser Antilles (Iturralde-Vinent & MacPhee, 1999 ). This scenario is made all the more likely by the paleodrainage patterns of the Magdalena and Orinoco, which were radically different earlier in the Cenozoic. From this perspective, the fact that so few South American lineages managed to establish themselves in North America prior to the great biotic interchange is itself evidence that waif transport between the Americas, or from the mainlands to the islands, was, for most of the Cenozoic, extremely imProbable'
Another important point is that the lineages of endemic Antillean land mammals are demonstrably old on the islands themselves. This indicates that, whatever the biogeographical processes involved in faunal formation on these islands, they operated at one or a few remote points in time rather than continuously. According to existing fossil evidence, capromyid rodents, pitheciine primates, megalonychid sloths, and possibly nesophontid insectivores were already on one or more of the Greater Antilles by the early Miocene (see below). If the possibility of passive dispersal to the Greater Antilles by rafting was equipotential throughout the Cenozoic, as Hedges' (1996) argument appeals to insist for herps, why have there apparently been so few natural introductions of land mammals since the Miocene (oryzomyin sigmodontines being the only exception)? Rosen (L975, 1985) and other authors (e.g., Guyer & Savage, 1987) who have favored continentisland vicariance as an explanation for the origin, composition, and distribution of the Cenozoic terrestrial fauna of the Antilles have also failed to take notice of some crucial points' One thing pervasively missed by commentators is the fact that the terrestrial environments of the Greater Antilles as we know them today did not permanently exist before the end of the Middle Eocene (Itunalde-Vinent & MacPh ee, L996; Iturralde-Vinent & MacPhee, 1999) . That is, although islands of some sort undoubtedly existed in the Caribbean prior to 45 Ma, there is no evidence that any of them survived as such (i.e., as land) through Paleogene time and into the Neogene' Even if they did, any terrestrial species that they supported would have been lost during periods of major marine transgression, the record of which is well documented for the West Indies (Iturralde-Vinent & MacPhee, L999).
That transgressions actually resulted in terrestrial faunal extinctions in the Greater Antilles is persuasively provided by the recent discoveries of a hyracodontid rhinocerotoid and a tiny therian of unknown affinity at the important Early-Middle Eocene Seven Rivers locality in northern Jamaica MacPhee et al., 1999a) . Jamaica was transgressed in the Late Eocene and did not become widely emergent again until the Middle Miocene. The rhinocerotoid, Hyrachyus sp', is well known from Early and Middle Eocene contexts in northern continents; the ancestor of the Jamaican form presumably entered what ultimately became western Jamaica prior to the latter's separation from Yucatan. Although on this argument Jamaican Hyrachyus can be regarded as a truly vicariantly emplaced taxon, it did not survive transgression nor did it spread (so far as can be currently determined) to any of the other islands. The therian, represented only by a broken petrosal, demonstrates that other taxa lived in western Jamaica in the Eocene' A short history of Greater Antillean land mammals L49 COMBINING DISPERSAL AND YICARIANCE:
THE GAV{RLANDIA HYPOTHESIS The two-part GAARlandia landspan model of MacPhee and Ituralde-Vinent is consistent with most aspects of Antillean land-rnammal biogeography as currently known. In brief, the GAARlandia hypothesis allows for a brief phase of dispersal ca.30-32 Ma from northern South America into the future northern Greater Antilles via a landspan. During this phase, the landspan acted as a strong filter, permitting only a few lineages to successfully cross and establish themselves. Chances of successful dispersal became radically reduced thereafter as the landspan subsided. (Note that the Ryukyus were part of a "landspan" on more than one occasion; for interesting biogeographical and tectonic parallels with the West Indies, see papers by Otsuka and Kimura, this volume.)
Subsequently, distributions ofspecies that had previously passed across the GAARlandia landspan became subdivided as the northern Greater Antilles began to assume their present form in the Miocene by splitting into a series of separate islands. This form of vicariance (described as "islandisland" vicariance, in contradistinction to the "continent-island" vicariance of Rosen) is a parsimonious explanation for the astounding similarity in post-Miocene land-mammal faunas across the northern Greater Antilles (see below). Inter-island passive dispersal is less successful as an explanation because, as a random process, it ought not to lead to uniform taxic distributions across an island chain (or, if it does, then the process cannot be random).
RADIATION
Although a small handful of Eocene, Oligocene, and Miocene land vertebrates have been found in the West Indies (e.g., MacPhee & Grimaldi, L996), the history of the radiation of the major clades has ro be inferred from the evidence provided by groups that survived into the late euaternary. Radiations of the various endemic Antillean rodent groups have been touched on before (e.g., Woods, 19g9), but other mammalian clades have been virtually ignored.
One of the clearest examples of an adaptive radiation among Antillean mammals is that provided by the endemic sloths (family Megalonychidae). The megalonychids included the largest land mammals known to have existed on the islands, although some of the largest endemic rodents overlapped smaller sloths in body size. Sloth ancestry, like that of virtually all Antillean land mammals, was ultimately South American, where megalonychids appear in the record beginning in the early Tertiary. The oldest named Antillean megalonychid is Imagocnus zazae, from the Early Miocene of Cuba (MacPhee & Iturralde-Vinent, 1994) . However, an even older sloth is known (unfortunately from a single specimen, a femur), from the Early Oligocene site of yauco in southwestern Puerto Rico (MacPhee & Itunalde-Vinent, 1995b).
The Quaternary diversity of sloths has recently been studied by White & MacPhee (in press) and
MacPhee et al. (in press a, b). One of their important findings from a biogeographical standpoint is that, after a much-needed revision, the taxic structure of the megalonychid radiation in Cuba and
Hispaniola was found to be essentially the same. That is, these two islands shared almost precisely the same array of sloth taxa at the genus level ( evidence, on the assumption that proto-Puerto Rico originally had a larger fauna, much of which became extinct after the appearance of the Mona Passage.) Jamaica did not support sloths at any time, as far as is now known, which is consistent with the unique tectonic history of this island.
Another important finding is the degree of adaptive diversity that was present in Antillean sloths'
In addition to species that were truly "ground" sloths, there were other species that were fully arboreal, and others that probably spent time on the ground as well as the trees. This suggests that the megalonychids were able to radiate into a number of niches that, in continental contexts, would probably have been occupied by members of other clades.
The endemic primates of the Greater Antilles were also diversified, but on a much smaller scale.
The most recent reviews of this group are by MacPhee (1996) and Horovitz & MacPhee (in press)'
primates may have entered the Greater Antilles as early as the sloths, because a primate astragalus has been reported from the Early Miocene locality of Domo de Zaza in central Cuba (MacPhee & Iturralde-Vinent, 1995b) . Evidence for Antillean monkeys is otherwise exclusively Quaternary, and it consists of the species Xenothrix mcgregori (Jamaica), Antiilothrix bernensis (Hispaniola), and paralouatta varonai (Cuba). These three taxa appear to comprise a monophyletic group, the closest sister of which is Callicebus from the South American mainland (Horovitz & MacPhee, L999) ' Thus, although the Quaternary distributions of these monkeys were non-overlapping, it is likely that they derive from a common ancestor and therefore qualify as an adaptive radiation' However, if that is correct, it is hard to harmonize the existence of a pitheciine monkey in Jamaica with the current version of the GAARlandia hypothesis. At present the matter cannot be resolved. It is perhaps possible that Xenothrix derives from some other pitheciine lineage, but it is highly unlikely that its separate history could go back 45 Ma to the time of the Seven Rivers Hyrachyus' Even if it did, how would it have survived the later Eocene transgression? (For possible connections between the Blue Mountains block and other terranes, see lturralde-vinent & MacPhee [1999] ).
EXTINCTION
Although a substantial number of extinctions must have occurred in the West Indies between the first arrival of mammals and the present, there is little documentation of any losses prior to the late euaternary. The closest approach to a pre-Holocene dated extinction "event" is the apparently coeval loss, during or slightly after the Sangamonian interglaciation, of megafaunal rodents on illands at the opposite ends of the West lndies (Ctidomys spp. in Jamaica and Amblyrhiza inundata in Anguilla/St. Martin) (McFarlane et al., 1998 (McFarlane et al., , 1999 , 1999b) . Several alleged associations of sloth bones and human artifacts have been reported in the literature (e.g., Harrington, l92l), but none has withstood close scrutiny and we doubt that they are valid. Which other taxa may have disappeared at around the same time as the sloths is uncertain. Most of the small Antillean mammals seem to have pulled through this bottleneck, only to come to grief at the next one.
The second phase of Holocene extinctions occurred hard on the heels of European anival, It was the more destructive in terms of total species losses, but it has received less attention because nearly all of the taxa affected were small and never recorded by literate observers. Although it has long been accepted that a spate of losses accompanied European arival on the islands ca. A.D. 1500, how long it took for these extinctions to go to completion has not been critically explored. Recently, MacPhee er al. (1999b) reported very early "last occunence" dates (late 15th century) for certain Nesophontes species previously thought to have been still extant at the turn of the last (20th) century. The majority of small-mammal losses seem to have occurred extremely rapidly after the introduction of Old World rats--together, be it remembered, with the diseases that they cary (Macphee & Marx, 1997) .
Although a few losses can be posted to much later dates (e.g., Megalomys and Oligoryzomys spp.
in the ksser Antilles, all early 20th century casualties), it is clear that the bulk of the remaining land mammal fauna went down early. The current sad state of affairs is that, on most Antillean islands, endemic mammals have been either completely lost or reduced to a species or two. Thus Hispaniola has two non-volant land mammals left (Solenodon paradoxw and Plagiodontia aedium), out of a known Quaternary complement of at least 20. Jamaica has one (Geocapromys brownii); Puerto Rico, none. Only Cuba has retained a scintilla of its earlier Quaternary diversity, but all the survivors are closely related members of a single rodent family (Capromyidae)--except for the critically endangered insectivore Solenodon cubensis, which manages to persist against all odds.
